The decay of heavy orthoquarkonium into quark-antiquark pair and two gluons is considered. The differential probability of the decay in the tree approximation is calculated and the final quark mass influence on the quark and gluon distribution functions is studied. It is shown that the collinear strengthening of the bottomonium decay probability takes place at the uū-, dd-and sspair production and is absent at the cc-production.
The decays of heavy quarkonia give the useful information on the dynamics of quarks and gluons and on the processes of jet production of hadrons. In particular the many-particle decays such as 1 S 0 → 3g, qqg and 3 S 1 → 4g, qqgg are of great interest as the processes giving the immediate information on qqg-and 3g-interactions. The nonabelian nature of ggg-interaction manifest itself, for example, in the distribution on invariant masses of two particles, 1,2 as the acomplanarity of four particle decays, 3 as the collinearization of the gluons 4 and as some other effects. It is worth noting that the four particle decays of heavy orthoquarkonia are more available for experimental investigations because of rather great probability of direct production of orthoquarkonia in e + e − -and pp-collisions. By this reason the detail theoretical analysis of these decays is interesting on purpose to find the optimal conditions for their experimental observation.
In this work we consider the decay of heavy orthoquarkonium with spin-parity J P C = 1 − − into quark-antiquark pair and two gluons. The amplitude and differential probability of this process in tree approximation and some angle and energy distributions of quarks and gluons are obtained and discussed.
The process 3 S 1 (QQ) → qqgg is described in tree approximation by six diagrams shown on Fig. 1 . The amplitude of this process in the initial static quarks limit in the rest frame of quarkonium can be presented in the form: The vector function V in (1) depends on momenta and polarizations of final quarks and gluons and in the three-transversal gauge takes the rather simple form: Fig. 1 . Diagrams of the decay 3 S 1 (QQ) → qqgg in the tree approximation.
where
) is a four current of final qq-pair, u(p 1 ) and u(−p 2 ) are Dirac spinors of final quark and antiquark, γ = {γ 0 , γ} are Dirac matrices.
The corresponding to (1) and (2) differential probability averaged over three spin states of initial orthoquarkonium and summed over polarizations and colors of final particles may be presented in the form:
where F c is the color factor of SU(N c )-group, for SU(3) F c = 5/36, P = {2m, 0} is the four momentum of quarkonium in the rest frame, α s = g 2 st /(4π) is the strong coupling constant, Q µν , G µν are symmetrical tensor functions of momenta of quarks and gluons correspondingly. The expressions for Q µν and G µν obtained by us have the structure such as that of the tensors L µν , H µν of Ref. 5 .
Integrating (3) over quark and antiquark momenta we obtain the probability distribution in the energies x i = ω i /m of the gluons and angle ϑ g between their momenta in the form: where µ = m q /m is mass ratio of final and initial quarks. Similarly integrating (3) over momenta of gluons we obtain the probability distribution in the energies y i = ǫ i /m of quarks and angle ϑ q between their momenta in the form:
where v is the center-of-mass velocity of the gluon pair in the rest frame of quarkonium,
P 1 and P 2 are some polynomials of degree six in v 2 , which have a rather complicated form and we don't adduce them here.
It's convenient further to use the distributions (4) and (5) normalized as
where W 3g is the three-gluonic decay probability of orthoquarkonium. The gluon (quark) distributions f g (f q ) as the functions of angle ϑ g (ϑ q ) between the momenta of the gluons (quarks) at equal energies x 1 = x 2 = x (y 1 = y 2 = y) are presented on Fig. 2 and 3 for bottomonium decays 3 S 1 (bb) → ssgg and 3 S 1 (bb) → ccgg correspondingly. These distributions exhibit two interesting peculiarities.
First, the analysis of the quark distribution f q shows that the probability of the production of light qq-pair and two gluons can significantly increase as the angle between quarks decreases. This collinear effect has a simple nature -the decrease of the denominator in the propagator of the virtual gluon as the angle between light quarks decreases. As shown in Fig. 2, 3 this effect exhibits itself in the bottomonium decay with production of ss-pair (it's more exhibited in the decays with production of uū-, dd-pairs) but it's absent in the decay with production of heavy cc-pair. It means, that in the decays 3 S 1 (bb) → qqgg of bottomonium the production of light uū-, dd-and ss-pairs at small angle between quark and antiquark is more probable than that of cc-pair. The corresponding 4-jet events can be possibly available for experimental observation by appropriate angle resolution.
Secondly, the production of hard qq-pair with large angle between q-andqquarks accompanied by production of two soft gluons is more probable too (see quark curve c) on Fig. 2, 3) .
The angle distributions of the quarks and gluons obtained and discussed by us may be useful for the experimental searches and investigations of the four-jet events from the decays of heavy quarkonia.
